ABSTRACT EcoCyc is a bioinformatics database available at EcoCyc.org that describes the genome and the biochemical machinery of Escherichia coli K-12 MG1655. The longterm goal of the project is to describe the complete molecular catalog of the E. coli cell, as well as the functions of each of its molecular parts, to facilitate a system-level understanding of E. coli. EcoCyc is an electronic reference source for E. coli biologists and for biologists who work with related microorganisms. The database includes information pages on each E. coli gene product, metabolite, reaction, operon, and metabolic pathway. The database also includes information on E. coli gene essentiality and on nutrient conditions that do or do not support the growth of E. coli. The website and downloadable software contain tools for analysis of high-throughput data sets. In addition, a steady-state metabolic flux model is generated from each new version of EcoCyc and can be executed via EcoCyc.org. The model can predict metabolic flux rates, nutrient uptake rates, and growth rates for different gene knockouts and nutrient conditions. This review outlines the data content of EcoCyc and of the procedures by which this content is generated.
INTRODUCTION
The EcoCyc (pronounced "eeko-sike," as in "ecology" and "encyclopedia") database describes the genome and the biochemical machinery of Escherichia coli K-12 MG1655. EcoCyc is an electronic reference source that is designed to accelerate the work of E. coli biologists and of researchers who work with related microorganisms. The project's long-term goal is describing the complete molecular catalog of the E. coli cell, as well as the functions of each of its molecular parts, to facilitate a system-level understanding of E. coli. A steady-state metabolic flux model for E. coli K-12 MG1655 is also available through the EcoCyc.org website; the model is generated from each new version of EcoCyc.
This review provides an overview of EcoCyc's data content and of the procedures by which these data enter EcoCyc. It also provides a quick introduction to commonly used features of the EcoCyc website. Resources available to assist users in comprehensively learning the website and downloadable software are listed in "How to Learn More," below.
EcoCyc occupies a central role in the ecosystem of E. coli data resources. EcoCyc has benefitted from longterm and relatively stable funding, resulting in a very deep collection of content due to extensive curation. Its data content is also quite broad, spanning not only the functions of E. coli gene products, but also the E. coli metabolic network and regulatory network. EcoSal has created hyperlinks from most E. coli gene names in its articles to the corresponding EcoCyc gene pages. In addition, EcoCyc is now responsible for generating updates to the RefSeq and Genbank entries for E. coli K-12 MG1655.
EcoCyc supports several different modes of interactive use via both the EcoCyc.org website and in conjunction with the downloadable Pathway Tools (1) software.
• Browsing Mode: EcoCyc is an encyclopedic reference providing information about the biological roles of E. coli genes, metabolites, and pathways. Visualization tools, such as a genome browser, metabolic map display, and regulatory network diagram, aid in the comprehension of these complex data.
• Analysis Mode: EcoCyc facilitates the analysis of high-throughput data such as gene expression and metabolomics data via tools for enrichment analysis, and for visualizing omics data on our Omics Dashboard, metabolic map diagram, complete genome diagram, and regulatory network diagram.
• Modeling Mode: The EcoCyc metabolic flux model can predict growth or no growth of wild-type and knockout E. coli strains under different nutrient conditions.
Users of EcoCyc fall into several different groups. Experimental biologists use EcoCyc as an encyclopedic reference on genes, pathways, and regulation, and they use its omics data analysis tools to analyze gene expression and metabolomics data. Examples of papers citing EcoCyc in the analysis of functional genomics data include references 2 through 9.
Because the EcoCyc data are structured within a sophisticated ontology (10, 11) that is amenable to computational analyses, EcoCyc enables scientists to ask computational questions spanning the entire genome of E. coli, the known metabolic network of E. coli, the known transport complement of E. coli, the known genetic regulatory network of E. coli, and combinations thereof. Past work includes the use of EcoCyc to develop methods for studying path lengths within metabolic networks (12) (13) (14) , in studies relating protein structure to the metabolic network (15, 16) , and in analysis of the E. coli regulatory network (17) (18) (19) (20) .
The development of many new bioinformatics methods requires high-quality, gold-standard data sets for the training and validation of those methods. EcoCyc has been used as a gold-standard data set for the development of genome-context methods for predicting gene function (21, 22), operon-prediction methods (23, 24) , the prediction of promoters and transcription start sites (25) (26) (27) , regulatory network reconstruction (28) , and the prediction of functional and direct protein-protein interactions (29) (30) (31) (32) . The EcoCyc metabolic data have been used for studies concerning predicted metabolic networks and growth prediction (33, 34) , and for model checking of a symbiotic bacterium's metabolic network (35) .
Metabolic engineers alter microbes to produce biofuels, industrial chemicals, and pharmaceuticals; to degrade toxic pollutants; and to sequester carbon (36) (37) (38) . Metabolic engineers who use E. coli as their host organism consult EcoCyc to aid in optimizing the production of an end product through a better understanding of the metabolic network and its regulation and to predict undesirable side effects of a metabolic alteration. Metabolic engineering studies using EcoCyc include references 39 through 44.
EcoCyc data are available for download in multiple file formats (see http://biocyc.org/download.shtml) and can be queried programmatically via web services (see http:// biocyc.org/web-services.shtml). In general, each file contains all the database instances for a given database class (e.g., genes, reactions, pathways).
The Pathway Tools software that underlies EcoCyc (1) is not specific to E. coli, but rather has been applied to manage genomic and biochemical data for thousands of
BRIEF INTRODUCTION TO THE EcoCyc WEBSITE
Here we outline some of the more commonly used aspects of the EcoCyc website in a manner geared toward new users. The most common operation within EcoCyc is to search for information about a given gene. To find a gene page within EcoCyc:
• Open EcoCyc.org in a web browser • Enter a gene name (e.g., trpA) in the quick search box in the upper right (to the left of the "Quick Search" button) • Click the "Gene Search" button The resulting gene page will provide a variety of information; the types of information available vary tremendously depending on what is known for each gene. Experiment with clicking on the tabs just below the first table (e.g., "GO Terms," "Essentiality"); each tab provides an additional dimension of information. The sequence of the gene and of its product may be retrieved using the Operations menu on the right side of the page, such as the command "Nucleotide Sequence." Several other types of pages are available besides the gene page, including pathway pages, reaction pages, metabolite pages, transcription-unit pages, and growth-medium pages. One simple way to access these pages is by clicking on hyperlinks present in a gene page. For example, the first table in the trpA gene page provides links to associated reaction and pathway pages; both of those pages link to metabolite pages, which in turn link to all reactions and pathways in which that metabolite is a reactant, product, or regulator. A second way to access these pages is by doing a full quick search rather than the simpler gene search described earlier. For example, enter "pyruvate" into the quick search box and click "Quick Search" or press Enter. The result list is sorted by page type, and provides links to all objects within a page type whose common name or synonym includes "pyruvate." A number of other search tools are available that can help you describe what you are looking for much more precisely, in particular, the object-specific searches under the Search menu. For more information, see https://biocyc .org/PToolsWebsiteHowto.shtml#SearchHelp. Some other commonly used tools are as follows. Most are intuitive to use after a little experimentation. Most of these tools are available for the other genomes in BioCyc.
• 
Metabolism
EcoCyc describes all known metabolic and signal-transduction pathways of E. coli; each pathway, each metabolic reaction, and each metabolite are encoded as separate database objects.
Membrane Transporters
EcoCyc annotates E. coli membrane transport proteins and the reactions that they mediate. The depiction of transport reactions aims to accurately represent the mechanisms by which E. coli moves both endogenous and exogenous substances across the inner and outer membrane. Transport proteins are classified according to International Union of Biochemistry and Molecular Biology recommendations (46) and relevant classes include a primary active transporter; an electrochemical potential-driven transporter, pores and channels; and a phosphotransferase system protein.
Gene Essentiality
EcoCyc includes several gene essentiality data sets. For more details, see section on "Essential Gene Information."
Growth Observations
EcoCyc integrates data on the growth of E. coli under many different growth media, as described in "Conditions of E. coli Growth and Nongrowth."
Database Links
EcoCyc contains extensive links to other biological databases containing protein and nucleic acid sequence data, bibliographic data, protein structures, and descriptions of different E. coli strains. Curators author minireview summaries with extensive citations. Within the summaries for proteins, RNAs, pathways, and operons, curators add additional information not otherwise captured in the highly structured database fields of EcoCyc. For example, curators use the free-text summary sections to describe the overall function of a gene product, the phenotypes caused by mutation, depletion, or overproduction of each gene product; any known genetic interactions; protein domain architecture and structural studies; the similarity to other proteins; or any functional complementation experiments that have been described. Summaries can also be used to note cases in which the published reports present contradictory results. In such cases, both viewpoints will be presented with proper attribution. This approach strives to ensure that no information is lost.
LITERATURE-BASED CURATION
EcoCyc entries are generally updated when new literature becomes available. Regular PubMed searches are used to generate lists of potentially curatable publications, which are then evaluated and prioritized for curation. Papers containing newly identified functions of gene products, as well as substantial advances in understanding the functions of known gene products, are given the highest priority for curation. Because the Pathway Tools software continues to evolve and to enable the addition of new data types, older entries are also being updated in a systematic fashion (e.g., each enzyme in a metabolic pathway) as time allows.
The transcriptional regulatory information in EcoCyc and RegulonDB is curated by the group of Dr. Julio ColladoVides at the Universidad Nacional Autónoma de México (UNAM). Both databases include the same data content on transcriptional regulation of gene expression. The actual data curation occurs within EcoCyc, and the information is periodically propagated to RegulonDB (51). Tables 1, 2, 3 , and 4 present statistics on EcoCyc content.
STATISTICS ON EcoCyc CONTENT
The listed numbers are current as of version 22.0, released in April 2018. Most changes in the numbers in these tables reflect changes in our knowledge of E. coli, but some changes are due to reconceptualization of data, reorganization of data (example: splitting a single meta- bolic pathway into two smaller pathways to reflect evolutionary conservation more accurately), or changing definitions within the software. Many of these statistics can be computed using tools under the Analysis → Comparative Analysis website menu.
CONDITIONS OF E. COLI GROWTH AND NONGROWTH
As of 2011, EcoCyc incorporates media that have been shown experimentally to support or not support growth of both wild-type and knockout strains of E. coli K-12.
This work has two goals. First, a comprehensive encyclopedia of E. coli growth conditions will be assembled for experimentalists. The spectrum of environmental conditions supporting the growth of a bacterium is among its most important phenotypic traits. We cannot expect to understand the functions of all genes in an organism unless we understand the full range of the environments in which the cell can grow. Second, a comprehensive collection of E. coli growth media will drive more accurate systems biology modeling of E. coli. The larger the set of growth media against which these computational models are validated, the more accurate and comprehensive that the models will be.
EcoCyc captures approximately 50 published media that are used by E. coli laboratories; growth data are provided for some of these media. EcoCyc also records the results of high-throughput experiments using Biolog Phenotype Microarrays (PMs) that measure cell respiration as a sensitive indicator of microbial growth (52) . The commercially available PM system for microorganisms provides a comprehensive set of phenotype tests for 379 nutrient conditions, including information on the ability to metabolize 190 carbon (C) compounds, 95 nitrogen (N) compounds, 59 phosphorus (P) compounds, and 35 sulfur (S) compounds. EcoCyc currently includes five sets of PM data from the following sources: a Genes of known molecular function have experimental evidence for their assigned function, whereas genes of predicted molecular function have had their function predicted computationally. 
ESSENTIAL GENE INFORMATION
When essentiality data are available for a given gene, the EcoCyc gene page includes a table of the growth media under which that gene has been found to be either essential or not essential for growth. Clicking on the growth medium will navigate to a growth-medium page that lists all essentiality information for that growth medium.
As of 2011, EcoCyc incorporates five large-scale data sets on gene essentiality in E. coli. Gene essentiality information is useful for
• Predicting antibiotic targets for pathogenic bacteria.
• Guiding the design of minimal genomes.
• Validating genome-scale metabolic flux models. Model predictions can be compared with the experimental data recorded in EcoCyc to assess model accuracy.
• Providing clues regarding the functions of genes of unknown function, when essentiality varies depending on conditions of growth.
EcoCyc incorporates data on essentiality from the following publications:
• "Experimental Determination and System Level Analysis of Essential Genes in Escherichia coli, MG1655," Gerdes et al. (57) .
This study used a genetic footprinting technique with a Tn5-based transposome system and reported unambiguous assessment of approximately 87% of E. coli open reading frames (ORFs) for essentiality. Six hundred twenty-six genes were identified as essential for aerobic growth in rich media, while 3,126 genes were dispensable. Note that the inability to obtain an insertion mutant by using this system may in some cases be a reflection of the nontargeted nature of transposon insertion rather than a reflection of gene essentiality. For this and other technical reasons, 327 genes were classified in this study as ambiguous with regard to essentiality.
• "Construction of Escherichia coli K-12 In-Frame, Single-Gene Knockout Mutants: The Keio Collection," Baba et al. (58) and corrections (59) Strain:
This study created 3,985 in-frame, single-gene deletion mutants by using the lambda RED recombinase system. Three hundred three genes were unable to be disrupted and were predicted to be essential for growth in rich media at 37°C. Note that, in some cases, there were secondary impacts from single-gene deletions, such as compensating suppressor mutations. There were also errors in some of the mutants described in this paper, which were later corrected (59). This study also profiled the growth of the mutants in minimal glucose MOPS (morpholinepropanesulfonic acid) media to identify genes that are conditionally essential under these conditions. The number of biomass metabolites that the model synthesizes, and the number of metabolic reactions that are active (that carry non-zero flux) when synthesizing those biomass metabolites can be considered to define the scope of a metabolic model; the larger these quantities are, the larger a fraction of the cell's metabolic network is present in the model. Table 5 compares those quantities for three versions of the EcoCyc model under glucose 
Extracellular flux prediction comparison
MetaFlux was used to perform FBA on the EcoCyc-based models EcoCyc-17.5 and EcoCyc-22.05 while COBRApy (76) was used for iML1515 (see Supplemental Methods). Flux predictions were obtained for aerobic and anaerobic growth on glucose. In all cases, the uptake rate of glucose is set to an upper bound reflecting experimental uptake rates (i.e., 3.008 mmol/gDW/h for aerobic glucose and 10 mmol/gDW/h for anaerobic glucose, where gDW stands for gram dry weight). Oxygen uptake rate is set to 0 mmol/gDW/h under the anaerobic condition. All other nutrient sources are constrained to an arbitrarily high upper bound (3000 mmol/gDW/h in MetaFlux and 1000 mmol/gDW/h in COBRApy). Additionally, all models here were simulated using the core version of the biomass reaction. These results are given in Tables 6 and 7 along with the experimental results from glucose-limited chemostat experiments on E. coli K-12 strains.
For the glucose aerobic condition (see Table 6 ), the extracellular flux results for EcoCyc-22.05 matched the experimental results better than did EcoCyc-17.5; however, the predicted growth rate is worse. For the glucose anaerobic condition (see Table 7 ), all extracellular flux results for EcoCyc-22.05 were further from the experimental results when compared with EcoCyc-17.5, with the exception of ethanol production. The prediction for growth rate using the new EcoCyc model is now much worse. However, for both conditions, the overall behavior of EcoCyc-22.05 and iML1515 was very similar. This is expected since their biomass reactions are similar. It is also believed that the new, larger growth-associated maintenance (GAM) and non-growth-associated maintenance (NGAM) terms used in EcoCyc-22.05 and obtained from iML1515 are the main reason for the reduced growth rates for both conditions.
Gene essentiality prediction accuracy
Gene essentiality analysis is a useful way to interrogate and validate a genome-scale metabolic network model. In a gene essentiality analysis, every gene associated with a valid reaction in a model is knocked out one at a time, and FBA is performed on the resulting model. There are two ways a gene can be associated with a reaction in EcoCyc: genes whose products are enzymes that catalyze a reaction, or genes whose products are substrates of a reaction (e.g., acyl-carrier protein). A gene knockout can be simulated using a metabolic model by removing any reactions that are associated with the gene to be knocked out that do not have other isozymes or alternative substrates associated with it. Note that genes that are present in the database but not associated with any reaction of small-molecule metabolism (e.g., transcription factors, RNA polymerases, or ribosome subunits) are omitted from this analysis.
Here, the gene essentiality analysis performed on a previously published version of the EcoCyc metabolic model, specifically EcoCyc-18.0 (77), was repeated on EcoCyc-22.05_BW. The suffix "_BW" after the model name here indicates that additional reactions were removed from the model to represent genes lost in the E. coli BW25113 strain (relative to MG1655) which is used in the gene essentiality experiments (see Supplemental Methods for list of reactions removed). The two experimental essentiality data sets used to validate the models include (i) the deletion study by Baba et al. (58) as updated by Yamamoto et al. (59) that tested the Keio collection of E. coli BW25113 single-gene deletion strains for growth on LB rich media and MOPS minimal media with 0.4% glucose, and (ii) the deletion study by Joyce et al. (60) that tested the same Keio collection of E. coli BW25113 single-gene knockout mutants for growth on M9 minimal medium with 1% glycerol. See Supplemental Methods for additional details on how the experimental data are categorized as essential and nonessential gene deletions.
As done previously, single-gene knockout simulations were performed on the 1,671 genes in EcoCyc-22.05_BW on aerobic glucose and glycerol conditions to see if each simulated mutant is capable of producing the core and expanded biomass metabolite sets. A gene is considered essential if the FBA simulation resulted in no growth and nonessential if it resulted in a positive growth rate. These results were compared with the corresponding experimental results, and any mispredictions found were addressed with additional literature-based manual curation of EcoCyc. The final essentiality prediction results after curation are summarized in Table 8 for glucose and   Table 9 for glycerol. In both tables, false positives are when an FBA simulation predicts growth yet experiment shows no growth; false negatives are when an FBA simulation predicts no growth yet experiment shows growth. The overall prediction accuracy for the aerobic glucose condition using the core biomass reaction is 94.3% (compared with 95.2% for EcoCyc-18.0), and the accuracy for aerobic glycerol condition is 93.2% (compared with 94.5% for EcoCyc-18.0). See Supplemental Table ST3 for a full list of genes considered and their experimental and computationally predicted essentiality results.
The overall prediction accuracy in the latest EcoCyc metabolic model is slightly reduced compared with the previously published model, primarily due to two broad issues: database changes and software changes. For database changes, curators are constantly updating the EcoCyc database, which may include addition/deletion of reactions/genes, modification of gene to protein to reaction associations, changes to the compound ontology, and modification of reaction direction. Any of these changes may affect FBA simulation results. As for software changes, the Pathway Tools software is also constantly being improved, and sometimes this may involve changes to how data are structured and represented. For example, since the previous EcoCyc model was published, the concept of overall reaction and subreactions was introduced where subreactions are a more detailed breakdown of the enzymatic and nonenzymatic steps of the overall reaction. This change led to the misprediction of several mutants because some genes were not correctly associated with their overall reaction or subreaction.
More generally, model predictions can differ from experimental measurements owing to a number of reasons, including the operation of additional, unmodeled reactions and metabolites; existing reactions operating in a different fashion from the model (e.g., the model contains a "perfect" respiratory electron-transfer chain without the possibility of reactive oxygen-species generation); the presence of regulation or of product inhibition that deactivates reactions or limits their throughput; and differences in optimization objective functions depending on the specified feed source.
leuB and glmS are specific examples of genes for which additional curated information in the newer model resulted in mispredictions:
leuB (b0073), whose product is the enzyme that catalyzes the 3-isopropylmalate dehydrogenase reaction (3-ISOPROPYLMALDEHYDROG-RXN), was identified as a false-positive result (i.e., simulation predicted the gene to be nonessential, but it was categorized as essential experimentally). Simulation predicted it to be nonessential because there is an isozyme associated with this reaction, specifically dmlA (b1800). However, under glucose aerobic conditions, the expression of dmlA is repressed and thus would not be able to serve as an isozyme for this essential reaction in reality. This sort of regulatory behavior is not currently captured by the EcoCyc metabolic model, and, thus, the model is unable to make the correct prediction.
glmS (b3729), whose product is the enzyme that catalyzes the L-glutamine-D-fructose 6-phosphate aminotransferase reaction (L-GLN-FRUCT-6-P-AMINOTRANS-RXN), was identified as a false-positive result. This result is mainly due to the glucosamine-6-phosphate deaminase reaction (GLUCOSAMINE-6-P-DEAMIN-RXN) being marked as reversible. According to the gene summary page for nagB (b0678), "Overexpression of nagB can suppress the defect of a glmS mutant, showing that glucosamine-6-phosphate deaminase can act in the biosynthetic direction, supplying glucosamine-6-phosphate for the synthesis of UDP-GlcNAc." Since the model is currently unable to account for reaction directions based on specific conditions, GLUCOSEAMINE-6-P_DEAMIN-RXN is treated as reversible, and, thus, L-GLN-FRUCT-6-P-AMINOTRANS-RXN is no longer essential.
UPDATE FREQUENCY
The EcoCyc.org and BioCyc.org websites and downloadable files are updated three times per year. A faster, more powerful version of EcoCyc that you can install locally on your computer (Macintosh, PC/Windows, PC/ Linux) is released semiannually.
DATA SOURCES INCORPORATED INTO EcoCyc
EcoCyc includes data imported from the following bioinformatics databases. In most cases, the data are reimported once or twice per year. It is noted that many literature references within EcoCyc were obtained from PubMed. 
UniProt Features

MetaCyc
The EcoCyc and MetaCyc databases exchange data as part of the release processes for both databases. The updates that have occurred to enzymes, genes, pathways, reactions, and metabolites are exchanged between the databases based on automated comparisons of update dates to ensure that the latest information and corrections are propagated between the databases.
EcoCyc ACCESSION NUMBERS
This section summarizes the accession numbers present within EcoCyc. All EcoCyc objects (e.g., genes, metabolites, pathways, DNA sites) have unique identifiers. In some cases, the identifiers for a given type of object follow more than one naming convention, usually because the convention was changed at a later time but previously assigned identifiers were kept to minimize disruption to users. Accession numbers assigned by other databases are also incorporated whenever possible to facilitate interoperability.
Gene Accession Numbers
Three systems of accession numbers are typically available for genes within EcoCyc. Any of these accession numbers may be used when querying EcoCyc genes "by name" and in the website Quick Search, and may be used to identify genes in EcoCyc transcriptomics data import tools such as the Omics Dashboard.
• EcoCyc ID: The EcoCyc project assigns unique identifiers to each gene that, for historical reasons, are of variable syntax, and are of the form "Gnnnn," "EGnnnnn," or "G0-nnnnn." EcoCyc IDs are stored as the frame unique identifier of the EcoCyc gene object.
• B-numbers: Originally assigned by the Blattner laboratory as part of the E. coli genome project, the b-number identifiers are of the form "bnnnn." Bnumbers were originally assigned sequentially along the genome. When a gene object is removed from the genome because of a decision that insufficient evidence for the existence of that gene is available, that b-number is retired and is not reused. When new genes are added to the genome, they are assigned the next highest available b-number. Thus, b-numbers are no longer purely sequential along the genome. B-numbers are stored in the EcoCyc gene slot Accession-1.
• ECK numbers: ECK numbers were assigned to the E. coli K-12 MG1655 and W3110 genomes in 2005 in an attempt to provide shared accession numbers for genes common to the two genomes (79) . ECK numbers are stored in the EcoCyc gene slot Accession-2. For only the first 18 or so genes in the E. coli K-12 MG1655 genome (starting at the origin of replication where the nucleotide coordinate is zero) are the b-number and ECK number the same number; for subsequent genes, the numbers have diverged. That is, mokC=b0018=ECK0018, but for numbers after 0018, the b and ECK accession numbers for each gene differ.
OTHER E. COLI AND SHIGELLA PATHWAY/GENOME DATABASES IN BioCyc BioCyc version 22.0 (2018) includes PGDBs for 524 E. coli and 25 Shigella strains. Most of these PGDBs were generated computationally and lack the extensive manual literature-based curation of the EcoCyc K-12 database.
To select a given genome for querying in the BioCyc website, click on the words "change organism database" under the Quick Search and Gene Search buttons in the upper right corner of most EcoCyc web pages.
Two of these PGDBs have undergone additional curation: the BioCyc PGDBs for strains E. coli W3110 and for E. coli B str. REL606. Both strains underwent a computational annotation-normalization procedure in which gene names, product names, heteromultimeric protein complexes, and Gene Ontology terms were propagated from EcoCyc to their orthologous genes in these other two strains. The orthologs were computed by SRI as bidirectional best-BLAST hits with additional manual review and curation. The propagation was performed under the assumption that genome-annotation pipelines typically introduce syntactically large but semantically insignificant variation in the naming of genes and gene products. In addition, E. coli B str. REL606 underwent literature-based curation by SRI to incorporate experimental information regarding the genes and pathways present in this strain but not in the EcoCyc strain MG1655.
WE ENCOURAGE YOUR FEEDBACK
Feedback from the scientific community has proved invaluable to improving EcoCyc during its many years of development. We strongly encourage your comments and suggestions for improvements in all areas, including:
• The database content of EcoCyc • The presentation of information within the EcoCyc website • The analysis tools provided in conjunction with EcoCyc • The performance of the EcoCyc website If you see an error or omission within EcoCyc, please report it by using the "Provide Feedback" button near the top of every data page. Please email suggestions or questions to BioCyc support at biocyc-support@ai.sri .com.
During every EcoCyc release, we email a summary of new developments to our BioCyc users mailing list and post to the BioCyc Facebook and Twitter feeds. To subscribe to the mailing list, please see http://biocyc.org /subscribe.shtml.
HOW TO LEARN MORE
• How to use a Pathway Tools website such as EcoCyc 
